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[57] ABSTRACT _ |
A power integrated-circuit device is protected against
load voitage surges. This is done by providing an alter- -

nate current-carrying path that is activated only in re-
sponse to the occurrence of such surges. This alternate

path is independent of and separate from the connection

that extends between the device and its power supply -
source. In addition, circuitry is connected to the device
to limit the portion of the surge voltage that can appear
across critical elements of the device.

7 Claims, 2 Drawing Sheets
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PROTECTION OF POWER INTEGRATED
CIRCUITS AGAIN ST LOAD VOLTAGE SURGES

' BACKGROUND OF THE INVENTION

This invention relates to protecting integrated cir-
cuits and, more particularly, to protecting a power
integrated circuit device from possible damage arising
from the occurrence of voltage surges in a load con-

nected to the device.

Power integrated circuit (PIC) devices (also referred

to as smart-power devices) are utilized in a wide variety
of industrial applications. In one such application, a PIC

device is employed as a so-called high-side switch to

connect a power supply to an associated load. In many
cases of practical lmportance, the nature of the load is
such that a disruption in the power supply or other
similar malfunction will cause a relatively large voltage
surge to appear across the load. The magnitude of this
surge is often sufficient to irreversibly damage the PIC
device and render it unsuitable for thereafter perform-
ing its intended function.
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Accordingly, continuing efforts have been directed
by workers skilled in the art aimed at trying to devise a

simple and reliable arrangement for protecting a PIC
device against load voltage surges. Prior art power
integrated circuits with various protection schemes are
shown in U.S. Pat. Nos. 4,489,341 and 4,521,795, Euro-
pean Patent Application EP 0 271 942 A2, and German

Offenlegungsshrift DE 37 20 256A1. It was recognized |

that these efforts, if successful, would make these de-
vices more attractive for utilization in important com-
mercial applications where dependable lon g-hved oper-
ation is reqmred

SUMN[ARY OF THE INVENTION
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In accordance with the principles of the present in-

vention, a PIC device operated as a switch is protected
against voltage surges that occur in a load connected
thereto. This i3 done by providing an alternate circuit
path that is activated only if a break or interruption
occurs between the PIC device and its associated power
supply. This alternate path is independent of and sepa-
rate from the path that extends between the PIC device
and the power supply. When activated, this alternate
path supplies the requisite current to the load during the
existence of the surge. In addition, a protection element
and a limiting resistor are connected to the load and the
PIC device to limit the value of the voltage that can
appear across critical portions of the device.

In one specific illustrative embodiment of this inven-
tion, the PIC device to be protected comprises a metal-
oxide-semiconductor (MOS) device and the load com-
prises an inductor connected between the source termi-
nal of the MOS device and a point of reference potential
such as ground. A power supply source is connected to
the drain terminal of the MOS device. In this embodi-
ment, the aiternate current-carrying circuit path com-
~ prises a bipolar transistor having its base connected to
the drain terminal of the MOS device, its emitter con-
nected to the point of reference potential, and its collec-
tor connected to the source terminal of the MOS de-
vice. The protection element comprises a Zener diode
connected between the gate and source terminals of the
MOS device, and the limiting resistor is connected be-
tween the gate terminal and an input diode. |

In the aforespecified illustrative embodiment of the
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the load are advantageously fabricated in a single inte-
grated-circuit chip. In this particular embodiment, a .
parasitic capacitance that inherently typically exists in
the structure between the source and drain terminals of
the MOS device is effeCtive, when a potentially damag-
ing voltage surge occurs across the inductor, to effect
rapid turn-on of the alternate circuit path comprising
the bipolar transistor. At the same time, the Zener diode
and the limiting resistor are effective to limit the. gate-
to-source voltage of the MOS device to a value that is
less than the breakdown voltagc of the gate oxideof the
device. | o

BRIEF DESC_RIPTION OF THE DRAWING '. _
A complete understanding of the present invention

and of the above and other features and advantages

thereof may be gained from a consideration of the fol-

lowing detailed description prcsented herein-below in
connection with the accompanying drawing, not drawn .

to scale, in which: |

FIG. 1 18 a schematic showing of a conventlonal
high-side switch arrangement that includes an MOS
device connected to an inductive load;

FIG. 2 represents the priorly known FIG. l arrange-
ment at the moment a break occurs between the MOS |
device and its associated power supply source; o

FIG. 3 is a schematic showing of the FIG. 1 arrange-
ment modified to include specific illustrative protection
circuitry made in accordance with the prmc1ples of the
present invention; o

FIG. 4 represents the inventive FIG. 3 arrangement-
at the moment a break occurs between the MOS device
and its associated power supply source;

and FIGS. 5A and 5B are each a cross-sectional rep-
resentation of a portion of the inventive arrangement
depicted in FIGS. 3 and 4 as embodied in a spec1ﬁc |
illustrative integrated-circuit chip. |

DETAILED DESCRIPTION

F1G. 1 shows a specific illustrative priorly known
arrangement of the type to which the principies of the
present invention are applicable. The illustrative ar-
rangement comprises an MOS transistor switch that
includes switch terminals 10,11 and control terminal 12.
The upper switch terminal 10 is connected to a power
supply source 14, while the lowcr switch terminal 11is
connected to a load that comprises, for example, an
inductor 16. Further, the arrangement includes an out-
put terminal 18 which is demgnated Vo-

The control terminal 12 shown in FIG. 1 is connected
to an input terminal 20. Signals are applied to the termi-
nal 20 from conventional associated driver circuitry
(not shown) to control the ON-OFF state of the PIC
switch. Diode 22 may.comprise, for example, a part of
the associated driver circuitry. |

By way of providing a specific illustrative example, |
the PIC switch shown in F1G. 1 will be assumed herein
to comprise a conventional MOS device. In that case,
the switch terminals 10 and 11 constitute the drain and

source terminals, and the control terminal 12 is the gate '

~ terminal, of the depicted device. When the MOS device

65

present invention, all of the noted components except

is controlled to be in its ON state, a current designated
I, flows from the source 14, through the drain-to-source

path of the MOS device and through the load 16, as

represented in FIG. 1 by arrow 23.
In practlce, an arrangement of the type shown in -

" FIG. 1is useful in a variety of commercial apphcatmns
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In one such application, the depicted arrangement con-
stitutes an electronically controlled switch for use in an
automotive control system. In that case, the inductive
load 16 comprises, for example, a solenoid included in
the automotive system, and the power supply source 14
comprises the direct-current battery of the automobile.

Assume, for example, that, during operation of the
conventional arrangement shown in FIG. 1, the power
supply source 14 is inadvertently disconnected from the
drain terminal 10 of the MOS device. Such an occur-
rence, or any break in the line between the source 14
and the terminal 10, is schematically represented in
FI1G. 2 by an open switch 24. In response to such an
occurrence, a transient voltage surge occurs across the
inductive load 16. The nature of this surge is such that
the output terminal 18 (and thus also the source terminal
11) is driven negative with respect to ground, as indi-
cated in FIG. 2. The polarity of this voltage is such as
to tend to maintain current flow through the inductor
16. In practice, the magnitude of this surge can be suffi-
cient to establish a voltage between the gate terminal 12
and the source terminal 11 that exceeds the breakdown
voltage of the gate oxide of the depicted MOS device.
Such a breakdown of the gate oxide, or other surge-
induced harm to the device such as damage to junctions
therein, typically renders the device unsuitable thereaf-
ter for performing its intended switching function.

In accordance with the principles of the present in-
vention, a PIC switching arrangemeni of the type
shown in FIGS. 1 and 2 is modified in a simple way to
include reliable protection against load voltage surges.
A spectfic such illustrative modified arrangement is
schematically depicted in FIG. 3. Elements in FIG. 3
that correspond to those in FIGS. 1 and 2 are desig-
nated with the same respective reference numerals.

In the specific illustrative inventive embodiment of
FIG. 3, an alternate path is provided to carry current
through the load 16 in the event of a disruption in the
connection between the upper switch terminal 10 and
the power supply source 14. By providing such a cur-
rent path, the magnitude of the voltage surge that ap-
pears across the load is decreased relative to what it
would be if no current from another source were sup-
plied thereto.

By way of example, the alternate current-carrying
path shown in FIG. 3 comprises a bipolar transistor 26.
For the particular illustrative embodiment represented
in FIG. 3, the transistor 26 is a p-n-p device whose
emitter is connected to ground, whose base is connected
to the upper switch terminal 10 (and thus also to the
source 14) and whose collector is connected to the
lower switch terminal 11 and thus also to the load 16.

During normal operation, the base-to-emitter junc-
tion of the p-n-p transistor 26 shown in FIG. 3 is re-
verse-biased by the source 14 . Hence, the transistor 26
is thereby normally maintained in its OFF or non-con-
ducting state and the depicted modified arrangement
with its alternate current-carrying path operates in ex-
actly the same way as does the conventional unmodified
arrangement of FIGS. 1 and 2.

In further accordance with the principles of the pres-
ent invention, the FIG. 3 arrangement also includes
circuitry for limiting the voltage that can appear be-
tween the lower switch terminal 11 and the control
terminal 12. Illustratively, this circuitry comprises a
standard Zener diode 28 and a resistor 30. The value of
the breakdown voltage of the diode 28 is selected to be
less than the value that might cause damage to the PIC
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device if applied between the lower switch terminal 11
and the control terminal 12. For the particular illustra-
tive case in which the PIC device comprises a MOS

device, the breakdown voltage of the diode 28 is chosen
to be less than the voltage that might cause breakdown

of the oxide between the source (lower switch terminal
11) and gate (control terminal 12) of the depicted de-
vice.

During normal operation of the FIG. 3 arrangement,
the Zener diode 28 is non-conducting and no direct
current flows through the limiting resistor 30. Thus, the
iliustrative modified arrangement with its voltage-limit-
ing circuitry operates in exactly the same way as does
the standard unmodified arrangement of FIGS. 1 and 2.

Ilustratively, the protection circuitry shown in FIG.
3 includes one additional element, namely, a capacitor
32. The capacitor 32 functions to aid in the rapid turn-
on of the bipolar transistor 26 in the event of the occur-
rence of a fault condition. In some illustrative embodi-
ments of the invention, the capacitor 32 comprises a
parasitic element that is inherently already present in
the structure of the PIC device. If it is not so present,
the device can be fabricated to purposely include such a
capacitor. ,

Assume now that a fault condition occurs in the FIG.
3 arrangement. In particular, assume that a break occurs
in the connection between the drain or upper switch
terminal 10 and the power supply source 14. Such a
condition is represented in FIG. 4 by an open switch 33.

When the assumed fault occurs, current flow ceases
through the drain-to-source path of the PIC device
shown in FIG. 4. At the same time, a negative voltage
surge appears across the inductor 16. This negative
voltage is coupled by the capacitor 32 and/or the MOS
transistor channel between terminals 10 and 11 (f the
switch had been ON) to the base of the transistor 26. In
response thereto, the base-to-emitter junction of the
transistor 26 is forward-biased and the transistor 26 is
thereby activated (rendered conductive). As a result,
current flows from ground, through the emitter-to-col-
lector of the transistor 26 and through the inductor 16
to ground. This constitutes the alternate path that
supplies current tc the load during the occurrence of
the assumed voltage surge.

At the same time, the Zener diode 28 and the resistor
30 shown in FIG. 4 insure that the portion of the volt-
age surge across the load 16 that appears between the
gate terminal 12 and the source or lower switch termi-
nal 11 does not exceed the gate-oxide breakdown volt-
age of the depicted PIC device.

In response to a load voltage surge of the type as-
sumed above, current flows in FI1G. 4, in the direction
of arrows 34, from ground, through the diode 22,
through the resistor 30, through the Zener diode 28 and
through the load 16 to ground. A specified portion of
the load voltage surge appears across the Zener diode
28. As indicated above, this specified portion is de-
signed to be sufficiently small to insure that no damage
occurs to the PIC device. The remainder of the surge
voltage 1s dropped across the limiting resistor 30 (and
also across the diode 22). The value of the resistor 30 is
chosen to insure that the Zener diode 28 will maintain
the gate-to-source voltage below the gate-oxide break-
down voltage of the depicted PIC device. In practice,
the value of the resistor 30 is typically made as high as
possible to achieve maximum protection but not so high
as to give the arrangement an excessively high gate-
delay characteristic. For each different embodiment of
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the invention, an appropriate practical value for the
limiting resistor 30 is easily determined.

FI1G. SA shows a portion of an integrated-circuit chip
structure that constitutes a specific illustrative embodi-
ment of the principles of the present invention. Al-
though a variety of PIC devices are available for use as

the switching element schematically shown in FIG. 3,

the specific structural embodiment represented in FIG.
S5A illustratively compnses a so-called trench MOS
device. Also, although in FIG. SA the previously speci-
fied diode 22 and resistor 30 are shown schematically
for purposes of simplicity to be separate from the de-
picted integrated-circuit structure, it is apparent that

these components can easily also if desired be incorpo-

rated into the same chip structure.

The structure shown in FIG. SA includes, for exam-
ple, an n—-type silicon region 38 having an n+-type
layer 40 to which the power supply source 14 is con-
nected. In practice, multiple identical individual MOS

devices are advantageously formed in the depicted
structure and interconnected in parallel to form a PIC

device having the requisite power-handling capabilities,

as is well known in the art. In FIG. SA, only one such
‘MOS device is explicitly shown but gap 42 in the struc-
ture 1s intended to indicate that the single MOS device
actually shown is replicated in the structure many times.

The MOS device shown in FIG. SA comprises a gate
region 44 made, for example, of polysilicon and a silicon
dioxide region 46 that forms the gate oxide of the de-
vice. By way of example, these regions constitute elon-

gated regions that extend in the indicated Z direction.

‘"The device of FIG. SA further includes p-type re-
gions 48,50 each having p+-type and nt+-type regions
formed therein. Further, contact 52 comprises the drain
terminal, contacts 54,56 the source terminals and
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contact 58 the gate terminal of the illustrative MOS

device. |
In accordance with the principles of the present in-
vention, additional regions are formed in the FIG. 5A

structure to constitute the p-n-p transistor 26 and the

Zener diode 28 shown in FIGS. 3 and 4. It is usually
advantageous, but not necessary, that these additional
regions that comprise portions of the protection cir-
cuitry be formed in the structure at the same time that
corresponding regions are being formed in the MOS
device itself. @ '

In practice, p+-type and p-type regions 60 and 62,
respectively, are formed in the n—-type region 38 of the
FIG. 5A structure to form the emitter of the transistor
26. The already existing n—-type region 38 and the
pT-type regions in the p-type regions 48,50 constitute

the base and collector, respectively, of the transistor 26.

Hlustratively, the p+-type and p-type regions 60,62

shown in FIG. SA advantageously comprise rings that

are spaced apart from and encompass the entire periph-
ery of the MOS device. Alternatively, these regions can
constitute a row or rows that are spaced apart from only
portions of the periphery of the MOS device. Either
arrangement can in practice suffice to provide an ade-
quate current-carrying path in the event of a load volt-
age surge.

In FIG. 5A, n+-type apd p+-type regions 64 and 66
in p-type region 68 constitute the Zener diode 28 that is
schematically shown in FIGS. 3 and 4. As indicated in
FIG. 5A, the diode is connected between the gate ter-
minal 58 and the source terminals 54,56. |

In the FIG. 5A structure, the capacitor 32 of FIGS. 3
and 4 comprises the capacitance that exists between the
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p-type regions 48,50 and the n—-type region 38. As
shown in FIG. SA, this capacitor is connected between
the source terminals 54,56 and the n—-type region
which, as indicated above, comprises the base of the
priorly specified p-n-p transistor. - o

FIG. 3B represents another specific illustrative inte- -
grated-circuit chip structure (a vertical double-diffused
MOS device) that embodies the principles of the present
invention. Many of the elements of FIG. 5B are identi-
cal to corresponding elements shown in FIG. 5A and
are accordingly designated with the same wspectwe-
reference numerals.

In FIG. 5B, gate region 44 and additional gate region

45 of an adjacent MOS device are shown spaced apart .

from the top surface of the depicted semiconductor
surface. Silicon dioxide regions 46 and 47 respectively
underlie the gate regions 44 and 45.

Finally, it is to be understood that the above-
described arrangements are only illustrative of the prin-
ciples of the present invention. In accordance with
these principles, numerous modifications and alterna-
tives may be devised by those skilled in the art without
departing from the spirit and scope of the invention.
Thus, for example, although particular emphasis herein -
has been directed to MOS devices, it is to be understood
that the principles of the invention are applicable to the
protection of a variety of PIC devices (MOS or bipolar)
made by vartous integrated-circuit fabrication technolo-

gies. Other alternatives, such as providing a fault-

activated current-carrying path that comprises a struc- -
ture other than the particular p-n-p transistor described

above, are also clearly within the scope of the principles

of the present invention. Additionally, the invention is
applicable to circuit arrangements in which a load other
than an inductor causes a voltage surge in response to
an mtcrrup’aon in the associated power supply
What is claimed is:
1. A circuit arrangement comprising |
a semiconductor switch having first and second
switch terminals and a control terminal,
means for directly connecting said first switch termi-
nal to.one terminal of a power supply source whose
other terminal is connected to a pomt of reference
potential such as ground, :
means for connecting said second switch terminal to
- one terminal of a two-terminal load device, the
other terminal of said load device being connected
to said point of reference potential,
active means connected in parallel with said load
device for providing an alternate current path for
said load device only in response to the occurrence -
of a voltage surge across said load device, includ-
ing a bipolar transistor having base, emitter and
collector terminals, said emitter terminal being
- connected to said point of reference potential, said
collector terminal being connected to said one
terminal of said load device, and said base terminal
being connected to said first switch terminal which -
is connected. to said power supply source.
and means connected to said control terminal and to
said second switch terminal for limiting the voltage
that can appear between said control terminal and
-said second switch terminal when a load voltage
surge occurs. |
2. An arrangement as in claim 1 wherein said switch
comprises a metal-oxide-semiconductor device, and
wherein said first and second switch terminals comprise -

- the drain and source terminals of said metal-oxide-semi;
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conductor device and said control terminal comprises is_ connected to said one terminal of said load de-
the gate terminal of said metal-oxide‘semiconductor VICE,

. and a limiting resistor connected between said gate

device. : : : oy
3 An . claim 2 wherein sai terminal and an input terminal of said arrangement.
- An arrangement as in claim 2 wherein said means 5 5 Ap arrangement as in claim 4 further including a

for providing an alternate current path further includes  djode connected between said input terminal and said
a capacitor connected between the base terminal of  point of reference potential.

said transistor and said one terminal of said load 6. An arrangement as in claim 5 wherein said switch
device. comprises a irench metal-oxide-semiconductor transis-
-, n . 10 tor.
4. arran eans : : L :
£ hﬁ?tm thgem?tj as m dm}n 3 wherein said m 7. An arrangement as in claim 5 wherein said switch
of g e vollage compitses | comprises a vertical double-diffused metal-oxide-semi-
a Zener diode connected between said gate terminal  conductor transistor.
and the one of said drain and source terminals that | % % % x X%
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